Tissue factor pathway inhibitor-2 (TFPI-2), a serine protease inhibitor abundant in the extra cellular matrix, is highly expressed in non-invasive cells but undetectable levels in highly invasive human glioma cells. The mechanisms responsible for its transcriptional regulation are not well elucidated. In this study, we made several deletion constructs from a 3.6 kb genomic fragment from Hs683 cells containing the 5'-¯anking region of the TFPI-2 gene, transiently transfected with these constructs into non-invasive (Hs683) and highly invasive (SNB19) human glioma cells, and assessed their expression by using a luciferase reporter gene. Three constructs showed high promoter activity (pTF5, 7670 to +1; pTF6, 7312 to +1; pTF2, 71511 to +1). Another construct, pTF8 (781 to +1), showed no activity. PTF9, a variant of pTF5 in which a further 231 bp fragment (7312 to 781) was deleted, from the [7670 to +1] pTF5 region, also showed no promoter activity. Hence, (7312 to 781) this region is essential for the transcription of TFPI-2 in glioma cells. Sequencing of this promoter region revealed that it has a high G+C content, contains potential SP1 and AP1 binding motifs, and lacks canonical TATA and CAAT boxes immediately upstream of the major transcriptional initiation site, although CAAT boxes were found about 73000 bp upstream of the transcription start site. We also found a strong repressor in the region between 7927 to ± 1181, upstream of the major transcriptional initiation site, followed by positive elements or enhancers between ± 1511 to 71181. These positive elements masked the silencer eect. Finally TFPI-2 was induced in Hs683 cells transfected with the pTF6 construct (7312 to +1) and stimulated with phorbol-12-myristate-13-acetate (PMA). We conclude that the 7312 to +1 region is critical for the minimal and inducible regulation of TFPI-2 in non-invasive (Hs683) and highly invasive (SNB19) human glioma cell lines. Oncogene (2002) 21, 921 ± 928.
Introduction
Tissue factor pathway inhibitor-2 (TFPI-2), also known as matrix associated serine protease inhibitor (MSPI) and placental protein 5 (PP-5), consists of three tandemly-arranged Kunitz-type protease inhibitor domains homologous to tissue factor pathway inhibitor (TFPI), a major negative regulator of the extrinsic pathway of blood coagulation (Sprecher et al., 1994; Butzow et al., 1988) . The gene for human TFPI-2 has been mapped to chromosome 7q22 by¯uorescence in situ hybridization (Miyagi et al., 1996) . Human TFPI-2 is synthesized and secreted by several cell types including endothelial cells (Rao et al., 1995a) , smooth muscle cells, ®broblasts (Rao et al., 1995b) , keratinocytes (Rao et al., 1995c) and syncytiotrophoblasts (Udagawa et al., 1998) . Most (70-90%) of this protease inhibitor is associated with the extra cellular matrix (ECM) (Iino et al., 1998) , a complex mixture of proteoglycans that participates in cell adhesion, migration, growth and dierentiation (Hascall et al., 1991) . ECM also serves as a reservoir for several growth factors (Vlodavsky et al., 1987; Vukicevic et al., 1992) , proteases (McGuire and Seeds, 1989; Korner et al., 1993; Nagase and Woessner, 1999) and protease inhibitors (Mimuro et al., 1987; Chen et al., 1992; Gomez et al., 1997) that are important for homeostasis. However, the functional signi®cance of the association of TFPI-2 with the ECM, as well as the identity of the matrix components that interact with TFPI-2, is largely unknown. Recently, we reported that TFPI-2 expres-sion in gliomas declines with increasing malignancy (Rao et al., 2001; Konduri et al., 2001a) and that TFPI-2 has a role in tumor invasion in other cancers Lakka et al., 2000; Konduri et al., 2001b) . Since, TFPI-2 is present in abundance in non-invasive cell lines but minimal or basal in highly invasive cell lines, we sought to clarify the transcriptional regulation of TFPI-2 in human glioma cell lines by attempting to identify minimal promoter region sucient for transcription of TFPI-2.
Experimental procedures
Oligonucleotides Oligonucleotides for genomic polymerase chain reaction (PCR) and electrophoretic mobility shift assay (EMSA) were synthesized by Sigma-Genosys (The Woodlands, TX, USA). Genomic PCR primers were designed on the basis of human BAC clone GS1-345D13 from 7q31-q32 (Acc. No. AC002076). The following oligonucleotides were used to amplify a 3.6-kb genomic fragment (pTF1) from Hs683 cells: 5'-TCAAGGTACCAGCTTCATACATC-TTGGTTG-3' 5'-GTATCTCGAGAGTGCAGCCTC-CGTCAGGAA-3'.
Further subsequent fragments (pTF2-pTF8) were ampli®ed from 3.6-kb pTF1 genomic fragment by using several internal primers. All fragments were cloned into the KpnI/XhoI site of PGL-3 basic vector.
To create the 429-bp pTF9 clone, a 231 bp fragment (from 7312 to 781) was deleted from the pTF5 region (7670 to +1) with the following oligonucleotides: 5'-CTGAGGTACCGATTACAGGCGCGAGC-TACCG-3'; 5'-GATCGAGCTCAATGGGAAATCT-GCAAGCTAG-3'; 5'-GATCGAGCTCTGGAGCAG-AAAGCCGCGCAC-3'; 5'-GTATCTCGAGAGTG-CAGCCTCCGTCAGGAA-3' and the resulting fragment was cloned into KpnI/XhoI site in the PGL-3 basic vector.
The oligos used in the EMSAs were as follows: SP1 5'-TCAGGCTCCGCCCCGGCGGGGGTCGGCCGG-A-3'; 5'-TCCGGCCGACCCCCGCCGGGGCGGAG-CCTGA-3'.
Position of AP-1 sites in the three dierent constructs: AP1 (pTF6a) 5'-TGACAGTCCCCGTG-CATGAATCAGCCACCCCT-3'; 5'-AGGGGTGGCT-GATTCATGCACGGGGACTGTCA-3'; (pTF6b) 5'-AATTCCTCTCCCTCTTACACAGTTTGCAGCG-3'; 5'-CGCTGCAAACTGTGTAAGAGGGAGAGGAA-TT-3'; (pTF6) 5'-ATTTCCCATTACTGACACAAA-CGCTCCCTCA-3' 5'-TGAGGGAGCGTTTGTGTC-AGTAATGGGAAAT-3'; Plasmid constructs Genomic DNA was isolated from Hs683 cells using DNA easy columns (Qiagen, USA). The 3.6-kb pTF1 genomic fragment was ampli®ed by using Pfu Turbo DNA polymerase (Stratagene, CA, USA) from the genomic DNA of Hs683 cells. Two reporter gene vectors were used in this study: the PGL-3 basic vector (Promega Corporation, Madison, Wisconsin, USA), which is used to examine TFPI-2 promoter activity and PRL-TK (Promega), is used to monitor transfection eciency. AP1 constructs were made according to the presence of number of AP1 sites. PTF6 (7312 bp to +1) has three AP1 sites, whereas in pTF6b (7221 bp to +1) has two AP1 sites and pTF6a has single AP1 site (7167 bp to +1). All these constructs were cloned into the Kpn1/Xho1 site of PGL-3 basic vector. These constructs were used for luciferase assays and oligos were used for electrophoretic mobility shift assays. Each oligo represents the single AP1 site in three dierent construct regions (pTF6, pTF6a and pTF6b).
DNA sequencing All constructs were con®rmed by automated sequencing (Applied Biosystems Inc., USA). For sequencing, 200 ng of the double-stranded templates and 10 ng of the primer were used in the dideoxy method with a Taq Dye Deoxy terminator cycle sequencing kit.
Tissue culture The non-invasive and highly invasive human glioma cell lines (Hs683 and SNB19) were grown in Dulbecco's Modi®ed Eagle's Medium (DMEM). All cultures are supplemented with 1% glutamine, 100 mg/ml streptomycin, 100 U/ml penicillin, and 10% fetal bovine serum (pH 7.2 ± 7.4) and maintained in a humidi®ed atmosphere containing 5% CO 2 at 378C. Subcultures were taken every 3 ± 5 days. The Hs683 cell line was obtained from the American Type Culture Collection (Manassas, VA, USA), and the SNB19 was gifted from Dr Richard Morrison.
Nuclear extraction procedure Nuclear extracts were made as described elsewhere (Schreiber et al., 1989; Chaturvedi et al., 1994) . Brie¯y, 2610 6 cells were treated with 300 ± 400 ml of lysis buer (50 mm KCl, 0.5% Nonidet P-40, 25 mM HEPES [N-2 hydroxyethylpiperazine-N'-2 ethanesulfonic acid] [pH 7.8], 25 mm phenylmethylsulfonyl¯uoride, 10 mg/ml of leupeptin, 20 mg/ml of aprotinin per ml, 100 mM dithiothreitol) on ice for 4 min. After 1 min of centrifugation at 14 000 r.p.m., the supernatant was removed and saved as a cytoplasmic extract. The nuclei were washed once with the same volume of buer without Nonidet P-40 and then 50 ± 100 ml of extraction buer (500 mm KCl and 10% glycerol with the same concentrations of HEPES, phenylmethylsulfonyl uoride, leupeptin, aprotinin, and dithiothreitol as in the lysis buer) was added depending on pellet size and pipetted several times. After centrifugation at 14 000 r.p.m. for 5 min, the supernatant was harvested as the nuclear protein extract and stored at 7708C. Protein concentration was quanti®ed with a protein assay reagent kit (Bio-Rad, CA, USA).
Antibodies Antibodies against nuclear proteins for SP1 were purchased from Santa Cruz Biotechnology, Inc (Santa Cruz, CA, USA).
Electrophoretic mobility shift assays (EMSAs) Nuclear extracts from 2610 6 cells were prepared as described above and then either used immediately or stored at 7708C. EMSA was performed by incubating 4 mg of nuclear extract for 15 min at 378C with 8 fmol of 32 P-end-labeled with double stranded oligonucleotide containing the SP1 and AP1 binding site. The DNA protein complex formed was separated from free oligonucleotide on 7% native polyacrylamide gels, and the gel was then dried. The ®lm was developed after overnight exposure at 7708C. For supershift assays, the nuclear extracts were incubated with SP1 and AP1 for 30 min at 378C before the complex was analysed by EMSA.
Transfection assays The non-invasive cell line Hs683 and highly invasive cell line (SNB19) were grown in complete medium as described above, and then 1610 6 cells were transiently transfected with 1 ± 2 mg of the reporter gene vector containing the dierent deletion constructs and 6 ml of Fugene 6 transfection reagent (Roche Molecular Biochemicals, USA). The internal control was 300 ng of PRL-TK (Renilla luciferase). After transfection, the cells were washed twice with phosphate-buered saline solution, lysed with the lysis buer in the DLR Assay kit (Promega), and luciferase activity was measured as described below. In some experiments, the cells were stimulated after the washes with 200 nm phorbol-12-myristateacetate (PMA) for 24 h. Reporter gene analysis was performed according to the manufacturer's instructions.
Luciferase assays Luciferase activity was measured with Promega's DLR luciferase assay kit. Following 24 ± 48 h incubation period, cells were washed twice with phosphate-buered saline and lysed with 100 ml of reporter lysis buer. The lysate was shaken at room temperature for 10 ± 15 min, after which 20 ml of each cell lysate was mixed with 100 ml of buer and measured for luciferase activity in a Turner luminometer (Turner Designs, Sunnyvale, CA, USA) over an integration period of 15 s. Values obtained were normalized to the levels of PRL-TK (Renilla luciferase).
Results
We generated eight luciferase constructs (pTF1 to pTF8) from the human TFPI-2 promoter region isolated from genomic DNA of non-invasive Hs683 cells (Figure 1) . A 670-bp fragment (7670 to +1, pTF5) was found to have slightly higher promoter activity compared to pTF6 (7312 to +1) and pTF2 (71511 to +1) constructs. A strong repressor was found between 71181 to 7927 bp upstream of the major transcriptional initiation site, followed by positive elements between 71511 to 71181 bp.
Luciferase activity in non-invasive and highly invasive glioma cell lines (Hs683 and SNB19) TFPI-2 is abundantly expressed in the non-invasive cell line (Hs683) and undetectable expression in the highly invasive cell line SNB19 (Konduri et al., 2001a) . To assess whether the 5'-¯anking region of the TFPI-2 gene can support its transcription in these cell lines, we transiently transfected with all these deletion constructs into non-invasive cells (Hs683) and highly invasive cells (SNB19) and found that transfection with the pTF5 construct led to the slightly higher luciferase activity, followed by the pTF6 and pTF2 clones in Hs683 cells (Figure 2a ) and found substantially less luciferase activity in SNB19 cells under any transfection conditions (Figure 2b ). Further deletion of a 231-bp (7312 to 781, pTF9) fragment from pTF5 region (7670 to +1) resulted in no reporter activity being expressed in Hs683 cells. The pTF8 fragment (781 to +1) also produced no reporter activity. Hence, the 231-bp fragment (from 7312 to 781) apparently was important for TFPI-2 transcription in Hs683 cells.
Luciferase activity in PMA stimulated cell lines Noninvasive cells (Hs683) and highly invasive cells (SNB19) were transfected with all these deletion constructs pTF1 to pTF9 and stimulated with or without PMA (200 nm) after 24 h. PRL ± TK was used as an internal control for transfection eciency. Hs683 cells were transfected with pTF6 construct (7312 to +1) showed the higher luciferase activity ( Figure 3a) ; whereas SNB19 cells were showed substantially less activity regardless of transfection and it is slightly increased upon PMA stimulation (Figure 3b ). PMA induction exhibits the presence of AP1 sites in the sequence. Hence, activation or induction of the region between 7312 to +1, pTF6, is important for inducible regulation of TFPI-2. Moreover, deletion of the 231-bp fragment 7312 to 781 from 7670 to +1 sequence led to no reporter activity being found in Hs683 cells regardless of PMA treatment (Figure 3a ).
Nucleotide sequence of human TFPI-2 promoter We next analysed the major-transcriptional region of TFPI-2 obtained from the pTF6 construct (7312 to +1) for the presence of potential transcription factor binding sites by using the BIMAS computer algorithm (National Institutes of Health, Bethesda, Maryland, USA). The pTF6 construct was found to contain many putative transcriptional factors, including SP1, AP1, Lyf-1 and NF-kB. Transcriptional start site (Sprecher et al., 1994) is denoted in Figure 4 with an asterisk (*).
Dierential regulation of AP1 in PMA-stimulated Hs683 cells To further narrow down the AP1 region, two more constructs were developed from the pTF6 region that diered with regard to number of AP1 sites: the pTF6a construct had a single AP1 site, the pTF6b construct had two AP1 sites, and the pTF6 had all three AP1 sites. Luciferase activity, with or without PMA treatment, was highest in the pTF6 transfected cells where 3 AP1 sites are present in the construct, followed in descending order by that of the pTF6b (two AP1 sites) and pTF6a (single AP1 site) transfected cells ( Figure 5 ). However, deleting the 7312 to +1 region led to no detectable luciferase activity being Oncogene Transcriptional regulation of TFPI-2 in human gliomas SD Konduri et al produced with or without PMA treatment. Hence, all three AP1 sites in non-invasive cells (Hs683) showed dierential inducible regulation.
Electrophoretic mobility shift assay of SP1 Electrophoretic mobility shift assays were performed to show the presence of Sp1 sites in the sequence. Nuclear extracts from Hs683 and SNB19 cells were combined with a TFPI-2 promoter-speci®c SP1 oligonucleotide to test binding capacity. More DNA-protein binding complexes formed in the non-invasive Hs683 cells than in the invasive SNB19 cells. Use of an Sp1 antibody led to supershift of the DNA-protein complexes in the Hs683 cells (Figure 6 ).
Electrophoretic mobility shift assay of AP1 EMSA's were performed to con®rm that three dierent AP1 sites are present at three dierent places in the transcriptional region and these three AP1 sites are induced by PMA. Nuclear extracts from stimulated (200 nM PMA) and unstimulated Hs683 cells were incubated with oligonucleotides for the three AP1 sites Percentage luciferase activity is shown over that of the PGL-3 basic control plasmid. The results are from three independent experiments performed in triplicate. PRL-TK was used to normalize the transfection. The pTF5, pTF6 and pTF2 constructs showed higher promoter activity in Hs683 cells (A) and substantially less promoter activity was observed under any transfection condition in SNB19 cells (B) in the pTF6, pTF6a and pTF6b regions. The oligos were made from pTF6, pTF6a and pTF6b regions, has single AP1 site. More DNA-protein complexes formed at all three AP1 sites when cells were treated with PMA than when they were not (Figure 7) . Discussion TFP1 and TFPI-2 are both Kunitz-type serine proteinase inhibitors (Sprecher et al., 1994) . The human TFPI-1 gene spans about *100 kb and the human TFPI-2 gene does not contain additional exons in the 5'-¯anking region, or exons encoding a junction domain between each Kunitz-type domain (Girard et al., 1991; Enjyoji et al., 1993) . TFPI is known as a negative regulator or the extrinsic pathway of blood coagulation, and synthesized primarily in endothelial cells (Bajaj et al., 1990; Werling et al., 1993) . Although the domain structure and amino acid sequence of TFPI-2 are similar to those of TFPI, their inhibitory spectra are dierent (Sprecher et al., 1994; Peterson et al., 1996a,b) . In endothelial cells, most TFPI-2 is associated with ECM (Iino et al., 1998) . The TFPI-2 gene is ubiquitous among human tissues, expressed in liver, skeletal muscle, heart, kidney and pancreas; its expression is particularly prominent in placenta (Miyagi et al., 1994) . Recent complete nucleotide sequencing of the murine TFPI-2 gene revealed that it consists of ®ve exons and four introns, with the 5'-anking region containing a TATA box, a GC box, two CAAT boxes, and several transcription factorbinding sites (Kazama et al., 2000) . No TATA or CAAT boxes were found immediately upstream of the transcription start site but CAAT boxes were present around *3000 bp upstream of that site (Kazama et al., (Sprecher et al., 1994) Figure 5 Dierential regulation of AP1 in Hs638 cells stimulated with PMA. Percentage luciferase activity is shown over that of the PGL-3 basic control plasmid. The results are from three independent experiments performed in triplicate. PRL ± TK was used to normalize the transfection. The highest activity was associated with the pTF6 construct (in which three AP1 sites are present), followed by the pTF6b construct (in which two AP1 sites are present) and the pTF6a construct (in which a single AP1 site is present). (+) Indicates PMA stimulation and (7) indicates without PMA treatment 2000). TATA-less promoters are often activated by SP1 and depend on the presence of clusters of SP1 binding sites near the transcription start site (Blake et al., 1990; Lee et al., 1992; Lu et al., 1994; Baker et al., 1996; Huber et al., 1998) . In this respect, TFPI-2 seems to be typical of a TATA-less promoter, as the 312-bp fragment of human TFPI-2 (7312 to +1); pTF6 with high TFPI-2 promoter activity contained a cluster of SP1 binding sites (Figure 4) . The size and organization of the human TFPI-2 gene is similar to that of the murine TFPI-2 gene (Kamei et al., 2001) . Several possible locations have been identi®ed as being the TFPI-2 transcription initiation site, i.e., 75 bp upstream from the translation start site (Kamei et al., 2001 ) 37 bp upstream from the 5'-terminal sequence (Sprecher et al., 1994) and 19 bp upstream of this sequence (Miyagi et al., 1994) . The 535-bp 3'-¯anking region contains two probable polyadenylation sites (AATAAA), one at +4297 and the other at +4314 (Huber et al., 1998) . These results suggested that no additional exons are present in the 5'-and 3'-¯anking regions of TFPI-2. The present study used the translation start site (Sprecher et al., 1994 ) and a minimal promoter activity was observed at 7312 to 781. In the Kamei et al., 2001 study, the transcriptional initiation site (TIS) was 75 bp 5' away from this site. Using this TIS, in our study promoter activity would be equivalent to 7246 to 75, which is Figure 7 Binding of Hs683 nuclear extracts (NE) with TFPI-2 promoter-speci®c oligonucleotides for three AP1 sites. Nuclear extracts were made from cells that had or had not been treated with PMA. Double-stranded oligonucleotides (50 fmol) were incubated with nuclear extracts (4 mg) in the presence of 100-fold molar excess of unlabeled cold probes in Hs683 cells. Binding was higher for all three AP1 sites when the cells had been stimulated with PMA
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essentially identical to what was observed in the Kamei study looking at expression in transformed endothelial cells. The previous study showed minimal promoter between 7224 and 7139 (89 bp) (Kamei et al., 2001) . We chose human glioma cell lines for our study. Hs683 cell line is non-invasive and does not form tumors in animal models and it has very high expression of TFPI-2 protein and mRNA. Hs683 is less invasive in matrigel and spheroid invasion assays and which is similar to low-grade glioma biopsies in spheroid assays. In contrary, SNB19 cell line is highly invasive in both matrigel and spheroid assays and form tumors in animal models and which has undetectable expression TFPI-2 protein and mRNA. Over expression or down regulation of TFPI-2 showed decreased/ increased invasion in these cell lines (Konduri et al., 2001a) . The same cell lines were used for our transient transfections for luciferase assays. Initially, we ampli®ed a 3.6-kb (pTF1) and 1.2-kb (pTF3) genomic fragments from the genomic DNA of Hs683 cells and found luciferase activity in the 3.6-kb fragment; later, we used that 3.6-kb fragment as a template and developed several deletion constructs with various 5'-ends between 73601 and 781, and a common 3'-end at +1 (where the translational start site begins). Each of these plasmids were transfected into non-invasive (Hs683) and highly invasive (SNB19) human glioma cell lines. We found that the pTF5 construct (7670 to +1) produced slightly higher luciferase expression in the non-invasive cell line and that the highly invasive cell line expressed very little luciferase activity regardless of the transfection condition (Figure 2a,b) . Further study is needed to determine precisely how the TFPI-2 transcription is aected in invasive gliomas.
In our study, the pTF6 (7312 to +1) and the pTF2 (71511 to +1) produced activity close to that produced by pTF5 (7670 to +1). The 1.2-kb pTF3 construct (71181 to 7927) apparently included a strong repressor, as no luciferase was expressed in this clone. Upstream of that region, however, positive elements or enhancers were found, as evidenced by luciferase expression in the pTF2 construct (71511 to +1). These positive elements masked the silencer eect. Kamei and colleagues (Kamei et al., 2001) recently reported that transfected human transformed bone marrow micro vascular endothelial cells and JEG-3 choriocarcinoma cells both expressed TFPI-2, which is consistent with the ability of these cells to synthesize and secrete TFPI-2 antigen (Udagawa et al., 1998; Iino et al., 1998) . This group also found silencer elements between nucleotides 72372 to ± 982 (Kamei et al., 2001) . In contrast, our results indicated the presence of a strong repressor at the 5'-end between nucleotides at 71181 to 7927, followed by a positive regulator between nucleotides at 71511 to 71181. pTF8 construct, (781 to +1) has no activity, which is like a negative control (empty vector). It has been reported that PMA induces the synthesis and secretion of TFPI proteins in several cell types (Rao et al., 1995a,b; and analysed mRNA by Northern blotting and protein by Western blotting. Recently it has been shown that PMA increased VEGF protein in human bladder transitional carcinoma cells (Chabannes et al., 2001) and PMA also induced the activation of PKC z during monocytic dierentiation of HL-60 cells (Kim et al., 2001) . Finally, we found that expression of the pTF6 region (7312 to +1) could be induced or activated by PMA in Hs683 cells (Figure 3a) but not in SNB19 (Figure 3b) . Hence, we conclude that the 231-bp region between 7312 and 781 contains the minimal and inducible promoter sequence for the expression of the human TFPI-2 gene. A previous study showed that the minimal promoter region was in the 89-bp region between 7224 and 7139 (Kamei et al., 2001) . In our study inducible regulation was observed dierentially by PMA in Hs683 cells ( Figure 5 ) and more SP1 promoter speci®c DNA protein complex was observed in non-invasive cell line (Hs683) compared to highly invasive cell line (SNB19) (Figure 6 ). When EMSA's were conducted for AP1, we observed more DNA protein complex at all three AP1 sites, when cells treated with PMA compared to untreated Hs683 cells (Figure 7) . The potential transcription factor binding sites of the 5'-¯anking region that could regulate the gene expression of human TFPI-2 using BIMAS, NCBI, NIH revealed cluster of SP1 and three AP1 sites Lyf-1 and NF-kB were observed in the minimal and inducible promoter sequence (Figure 4) . The importance of these factors needs to be addressed in future studies.
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